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Abstract
Alstom Transport is in the process of retrofitting the entire Danish rolling stocks fleet with the European Train Control System 
(ETCS) system. This paper describes how Human factors have been integrated in the design process of the final solution in order
to provide a smooth transition to the European Rail Traffic Management System (ERTMS) technology. The scope of the Human 
factors activities taken into account are the design of the solution, the validation with drivers and Union, the training and the 
maintenance activities. We have developed a new methodology to address the fleet heterogeneity and the large number of rolling 
stocks to retrofit, the diversity of the Operators (historical public, and privates) and the diversity of the driver’s needs (passenger, 
freight, and maintenance rolling stocks). We have adapted up-to date technology (3D printing, measurement tools) to implement 
rapid prototyping at the early stage of the design. We present the various meetings (information collection, brainstorming, 
discussion and solution definition) that lead to define the acceptable solutions. The different principles used to provide 
requirements to the mechanical designers are described. They deal with location of equipment and the way to minimize the 
number of components to be moved. We present how the cabs have been measured to get the required information in order to 
check the visibility according to international standard, to assess the room available to integrate the ETCS system, to check the 
reachability of controls and to check the risk of glare. We show the different sounds level measured and the criteria to ensure the 
right audibility threshold. The paper also discusses the way to manage the different proposals from the different actors (drivers, 
crew and maintenance people, mechanical designer, trainer, and installation people) of the project and the steps to reach 
a workable solution. This methodology leads to a better efficiency by achieving compromise with the different stakeholders.
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1. Introduction
Alstom Transport was awarded a contract by Banedanmark (a state-owned enterprise that operates under the 
auspices of the Danish Ministry of Transport and Building) to retrofit 789 trains with the ETCS system. The content 
of this paper describes how Human factors have been integrated in the design process of the solution in order to 
provide a smooth transition to the ERTMS technology.
The diversity of the Denmark fleet is a major issue to be addressed not only from the hardware point of view but 
also from the diversity of staff in charge of driving or maintaining the trains and the locomotives. Rolling Stocks 
were classified into two categories: the white fleet (for passengers and freight transportation) or the yellow fleet (for 
track maintenance). Considering it was a very critical issue, Banedanmark decided to invest a lot in the Human 
Factors engineering for the design of the solution, the validation with drivers and Union, the training and the
maintenance activities. 
This paper will discuss the way a compromise has been found between driver’s requests, design feasibility and 
efficiency of the integration of the equipment in the train.
2. Challenges
A great challenge was to deal with the number of trains. The complexity of the project is due to heterogeneity of 
trains operating in Denmark, diversity of Operators (incumbent, and privates), variety of the driving requirements. 
A first inventory revealed at least 35 trains types and a deeper analysis established 48 types (for the passenger fleet)
and more than 32 yellow fleet trains. On the Alstom side, several teams were interacting with stakeholders 
(e.g. customers, driver’s representatives, …) as shown in Fig. 1:
Fig. 1.
As several countries were represented in the project, a inter-cultural training has been organized to optimize the 
work done. 
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3. Process definition
Each train has its own characteristics depending on the manufacturer and the technologies used (oldest trains are 
from 1950):
x Functions available in the cab
x Size, type and location of controls  and windows 
x Ambiant noise level in driver’s cab and coaches
x Available space to install new equipment
x Age of the Rolling stocks 
A generic Human Factors approach (see Fig. 2.) was defined to optimize the time spent by the different actors on 
each train type. A Human Factors Integration Plan (HFIP) was written and validated by the customer.
Fig. 2.
To manage the complexity, brainstorming meetings with drivers and Unions were organized. Different pictures 
of desks and cabs were presented and tentatively grouped or lumped together. As a result, 4 types of desk 
arrangement were defined. They were specified according to the shape of the desk, the number of plates available or 
the location and organization of controls. Those four types were selected as “Reference” cabins as they were 
considered as representatives of the main characteristics (in terms of cab and desk layout organization, number and
type of controls) of others cab.
The 4 reference cabs are :
x MR train : a Diesel Multiple Unit (DMU), a licensed version of the Deutsche Bundesbahn VT 627 put in service 
in 1978
x ER (IR4) train : an Electrical Multiple unit (EMU), an electrical version of IC3 for suburban services or long 
distance services put in service in 1994
x MQ train : a DMU put in service in 2001
x MY train : a diesel locomotive put in service in 1954
Note : MR, ER, MQ, MY are acronyms of Danish trains.
The work was done through a common study which analysed pictures taken during preliminary survey. 
Classification was decided with a group of driver’s representatives from the different Railways Undertakings. Each 
type of Danish train was classified in one of the four reference cabs. The classification is as follows (see also Fig. 3):  
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x MR : MK, SP, MZ 
x ER : BR 185, EA, EG, ET, IC2, ME, MF, MP (IC2), MG (IC4)
x MQ : ABS, DM, Lint 41, BR 605
x MY : MX
Fig. 3.
First of all, each component used in a cab with its pictures has been described in English and in Danish in order 
to avoid any risk of misunderstanding. Using this list, a phase of activities analysis similar to a hierarchical task 
analysis (Shepherd 2001) was done to formalize driver’s work and associated controls used. The analysis was based 
on the different controls available and the activities described by the drivers.  
A phase represents an abstract grouping of similar tasks designed to meet some common goal, and for the 
purposes of this effort, phases can be temporally defined.  All phases have been prepared by the Human Factors 
team and validated by drivers before starting the assessment process. They have been organized using strips of paper 
with the action done, the name of the control (in English and Danish) and a picture of the control (see Fig 4). 
Fig. 4.
MR
ER
MQ MY
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The picture was useful to avoid misunderstanding. The results were a set of paperboards with the sequence of 
driver’s actions detailed for each phase.  
The different phases are listed hereafter:
x Train preparation
x Before Departure
x Leaving Station
x In route
x Arrival at station
x Train de-preparation
The objectives were to limit the change of driver’s habits (and therefore the training time) and as far as possible 
the impact of the integration of the display on the relocation of controls. It was also to minimize the number of 
components to be moved on each desk to limit the cost of the change. The Human factors team created a simple 
mock-up made of wood and 3D printed controls (see Fig. 5). The team proposed a first solution compliant with 
these goals and prepared a simplified mock-up to be tested in Alstom’s office.
Fig. 5.
The different drivers have been asked to challenge the solution proposed to provide a solution that is compatible 
with their driving activities. They proposed different solutions and re-location of equipment. The following table 
presents the number of elements and the quantity moved:
                                                 Table 1.
Train type Number of 
elements
Number of 
elements moved
Percentage of 
elements moved
MR 50 6 12%
ER 77 2 3%
MQ 53 11 21%
MY 49 2 4%
The average number of equipment of the desk is 57 and the average percentage of elements moved is 10%.
Once the 4 reference cabs solutions were defined, the following assessment process has been applied to each cab. 
A detailed work has been done for each reference cab. This process presented hereafter (see Fig. 6) has been applied 
to each type of train:
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Fig. 6.
4. The 2-2-2 / 6 Assessment process
One of the key success factors to define a solution was to find an agreement between drivers. This is why the 
2-2-2 6 assessment process
was put in place.
The different drivers had been asked to work in pairs to “execute” the different phases of driving in order to
ensure that the different locations of equipment were compliant with driver’s tasks. Each driver explained the 
different element he was using, what type of information he got from the environment or the displays and why he 
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suggested to move one element. This way of working decreases the number of subjective decision to move a 
control: they were able to justify the operational reason to re-locate an equipment.
In a second step, the 3 groups of 2-drivers were put together and explained their solution. Even if the initial 
solution were slightly different, the consensus was found in a very short time (one day).
This assessment has been completed with in-fields tests that helped to confirm the proposal. Drivers checked the 
results with scale-1 paper copies of equipment in the cab (see Fig. 7).
Fig. 7.
5. Criteria
Human factors team provided criteria to integrate the ETCS display are:
x It should be in the main field of view of the driver
x Legibility of information
x It shall be placed at the location of the former ATC (Automatic Train Control)  or Tachymeter
x Reachability of hard keys
The dimension of the cabs have been precisely measured to get the required information in order :
x To check the visibility according to UIC 651
x To assess the room available to integrate the DMI
x To check the reachability of controls
x To check risk of glare due to external or internal lighting
6. Get dimension and process improvement
In order to achieve the design of the modified desk and to anticipate possible issue, a 3D model of the cab has 
been done. The first cabs have been modelled using standard measurements means (laser metre, rule, angle metre). 
Due to the high number of cabs, it then has been decided to use a 3D scanner to automatize this measurement 
process. 
As manual measurements and manual detailed technical survey are not quite satisfying in terms of measurement 
accuracy and time, 3D scan technology was studied. Indeed, driving desks in train’s cab were at the time measured 
manually which created errors and high impacts during design/installation phases in terms of planning, 
documentation. When 3D scan technology was foreseen, a study was made on the 25 trains where they all have been 
divided into 2 groups of trains (Group 1 and Group 2) depending on the experience gained using 3D scanner 
technology.
It has been calculated that 3D scan technology enables about 15% time saving during detailed technical survey at 
the beginning of the project, and is expected to increase up to 50% time saving during detailed technical survey by 
the end of the project after team got experienced. From 3D design deliverables point of view, this technology 
enables about 25% time saving at the beginning of the project, and will increase up to 40% time saving by the end of 
the project after team got used to the technology.
The results obtained are the followings:
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Fig. 8.
7. Alstom internal process
Design and installation team has been put in the process. They have given input in order to validate the solution 
proposed or suggest other design that could be compliant with other constraints such as :
x avoid changing the location of old manometers,   
x limit the modification time and therefore the immobilization time
Any modification of driver’s proposal should be validated with them.
8. Measure of glare risk
As stated in Jenkins et al., 2015, glare risk approach can be reliant on a subjective opinion of the assessors. Here, 
the approach was based on 3D models analysis and measurements with high performance camera. The cab 
measurement provides useful information to check visibility on external signal and risk of glare. 
The glare assessment is done using two numerical manikins. They are defined in UIC 651 : the smallest is 
1600 mm high and the tallest is 1900 mm high. Geometrical tracing shows if outside or inside lighting ray can reach 
the eyes as shown in Fig. 9.
Fig. 9.
During cab inspection, a glare study is done to confirm the conclusion of the preliminary study done with 3D 
model and also to check if the level of contrast is sufficient. In-field test on train evaluates DMI brightness and 
drivers feedbacks.
When a new DMI is introduced, the new technology should be assessed. As described in Thompson et al., (2013), 
clear and distinctive indications in all lighting condition reduce the risk of human errors. 
To determine whether DMI contrasts are sufficient or if reflexion and glare effects exist, an in-field test is 
realised. Contrast ratios on DMI screen depending on luminosity levels in cabs are measured in normal lighting 
conditions or in disadvantageous conditions: sunlight and cab internal lights on. Due to the lack of sunshine 
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(especially in winter), a halogen lamp has been used to simulate sun rays. To improve efficiency and collecting 
global value a CANON Camera Fish eye (EOS 60D) has been used with Photolux software to check the different 
luminance values.
MF 
TRAIN
Global Luminance minimal Ratios Comments
Normal 
(dark)
0 lux
Clear 
white/ Dark 
background 
= 1,52/0.3 
=
4,8
Contrast OK
No reflexion.
No glare 
effect.
Clear 
background
/Clear 
white=
=1,52/0,2 =
8,7
Fig. 10.
It gave the contrast ratio of the different area of the display (see Fig. 10). They are compliant with the ISO 15008 
standard. The drivers were also asked to confirm that they were able to manage the display luminous intensity and if 
they found an appropriate level for the different conditions.  
For the train that are not considered as “class representative”, a simplified process was put in place :
x Available spaces measurements
x Equipment measurements
x Partial Glare study (preliminary in-field test at standstill)
x Visibility study
x Design proposal
x Final Ergonomic Study Report
9. Experience and issues
A first issue was related to the planning. Due to partial staffing, it was not possible to have people from design 
and installation at the very beginning of the project. It leads to solution that was agreed by the end-users but which 
was difficult to implement (due to the age of the train) or long to install. The duration of installation has a heavy 
impact on operators because it is directly linked to a loss of earning due to the unavailability of train for commercial 
use.
Another issue was to manage the proposal and the need of the end-user. As drivers know perfectly well the cab 
environment, they would like to have desk improvement which was unfortunately not always funded. Fortunately, 
the task analysis has been very useful to differentiate what was really needed for the new activities (ETCS 
management) and what was only for improvement of existing desk.
The contrast assessment of the display can be done starting with the worst case. The assessment done within a 
yellow fleet cab with large windows (front and side) demonstrated that ETCS information can be read in all 
environmental conditions.  Therefore there was no need to do the same tests on other cabs.
The ETCS sound shall be heard and the Human factors team had to demonstrate it. Acoustic studies can be long 
and fastidious: need to record the ambient noise in different situation and track quality. Such a study has been 
replaced by a comparison between the ETCS sounds and a sound which exist in each cab : the SIFA
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((SIcherheitsFAhrschaltung or deadman’s control system). For each cab, the SIFA level has been measured and the 
ETCS level adjusted accordingly. 
10. Discussion and issues
A first issue was related to the planning. Due to partial staffing, it was not possible to have people from design 
and installation at the very beginning of the project. It leads to solution that was agreed by the end-users but which 
was difficult to implement (due to the age of the train) or long to install. The duration of installation has a heavy 
impact on operators because it is directly linked to a loss of earning due to the unavailability of train for commercial 
use.
Another issue was to manage the proposal and the need of the end-user. As drivers know perfectly well the cab 
environment, they would like to have desk improvement which was unfortunately not always funded. Fortunately, 
the task analysis has been very useful to differentiate what was really needed for the new activities (ETCS 
management) and what was only for improvement of existing desk.
The ETCS sound shall be heard and the Human factors team had to demonstrate it. Acoustic studies can be long 
and fastidious : need to record the ambient noise in different situation and track quality. Such a study has been 
replaced by a comparison between the ETCS sounds and a sound which exist in each cab : the SIFA. For each cab, 
the SIFA level has been measured and the ETCS level adjusted accordingly.
11. Conclusions
The ETCS projects implemented in Denmark showed that migrating a whole fleet can be done with an adapted 
process. It demonstrates how valuable the Human factors process is to optimize the development time involving the 
end-users. The early validated desk improved the acceptability of the final solution.  Everybody (Drivers, Union, 
Engineers, Managers, design and installation team, maintenance and training team) was aware of the discussion and 
the solution defined. Human Factors analysis has provided the input required to feel confident in the success of the 
modifications of the driver’s cab.     
References
Barta M., Delooz F., Karsten C., Miglianico D., Zubillaga X. (2011). Usability testing of the future standardized European Driver’s Desk under 
“real world” conditions. 
Jenkins D.P, Baker L.M and Harvey C. (2015). A practical approach to glare assessment for train cabs, Applied Ergonomics 47 (170-180).
Shepherd, A. (2001). Hierarchical Task Analysis. New York, NY, Taylor & Francis Inc.
Thomson E., Kazi T. and Scott A. (2013). Bridging the gap between technology and adoption: a case study.
UIC 651. Layout of driver's cabs in locomotives, railcars, multiple unit trains and driving trailers
